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1. Introduction
   Since profitability in the farm animals industry is 
dependent upon efficiency of production characteristics 
such as growth and development after birth, the precursor 
of efficiency, namely, fetal growth, which must be optimal. 
There is little information available on the reproductive 
characteristics of crossbred ewes particularly regarding 
amniotic fluid (AF) composition. The study of biochemical 
profiles both in maternal serum and AF is a useful tool 
for pregnancy diagnosis and the status of growing fetus. 
Blood biochemical evaluation plays an important role 
in diagnosis of diseases[1]. Knowledge on biochemical 
and hormonal constituents of AF can also provide useful 
information about the requirements for fetus, fetal growth 
and maturation. Moreover, such information may be used 
as a provisional guide for formulating suitable culturing 
media for in vitro cell culturing and oocyte maturation in a 
particular species[2,3]. Progesterone can be used to monitor 
the pregnancy status and timing of embryonic loss, as in 
pregnant animals, progesterone concentrations remain 
elevated throughout gestation[4]. Many of the circulatory 
and transport properties of the ewe’s placenta are similar 
to those of the human placenta and as such, the pregnant 
sheep offers an excellent model to study the development of 
AF. However, studies in sheep showed that the composition 
of AF in early pregnancy (22-44 d) also changed[5]. This 
change in composition may reflect changing metabolic 
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and transport activities as well as alteration in the relative 
contribution of the fetal and placental tissues to the 
amniotic and allantoic compartments. AF is important 
for physiologic exchanges between fetal and maternal 
tissues, so it is necessary for the efficient handling of fetal 
waste products and preventing mechanical shock to the 
developing fetus during entire gestation[6]. The allantoic 
sac is considered traditionally and mainly as a reservoir for 
fetal wastes, however, recent investigations with pigs have 
shown that allantoic sac played an important role in the 
accumulation of nutrients and metabolism of some factors 
like uteroferrin and iron, suggesting a hitherto unrecognized 
function of the allantoic sac in fetal nutrition[7]. In contrast, 
AF provides a unique aqueous environment in which the 
fetus develops symmetrically[8]. When it is swallowed, 
amniotic fluid is a significant source of nutrients for the 
fetus[9]. Survival of a newborn is affected especially by 
sufficiency of the placenta[10]. A big focus has been on the 
relationship between weight of placenta and birth weight 
of newborn[11,12]. Before focusing on possible effects of 
metabolic changes on follicle and oocyte quality, it is 
necessary to determine physiological concentrations of the 
most common metabolites in AF and to investigate to what 
extent the AF levels and placental traits are correlated. There 
is no study on placental traits in Iranian crossbred ewes. 
Therefore, the main aims of this study were to determine (1) 
the progesterone and biochemical constituents of AF at the 
time of parturition and (2) relationships between progesterone 
and biochemical composition of AF with placental traits in 
Iranian crossbred ewes.
2. Materials and methods
2.1. Hormonal drugs
   Controlled internal drug release (CIDR) with 30 mg of 
progesterone, a progestagen analogue (InterAg, Hamilton, 
New-Zealand), pregnant mare serum gonadotrophin 
(Folligon; Intervet International B.V., Boxmeer, the 
Netherlands) and commercially available kits (Pars Azmon, 
Karaj, Iran) were purchased from Intervet Drug Industry 
(Tehran, Iran).
2.2. Location and animals
   This study was performed at Animal Reproduction 
Laboratory of Tabriz University, Tabriz Province, Iran 
(38°07’ N and 46°29’ E) from June to December 2013. Ambient 
temperature during the experiment ranged from 20 °C to 24 °C 
with annual rainfall in this region ranges from 226 mm to 250 
mm. Sixty Iranian crossbred ewes (Arkhar-Merino×Ghezel, 
2-5 years old, weighing 40-50 kg) were treated with CIDR 
for 14 d and were injected with 400 IU pregnant mare serum 
gonadotrophin at the time of CIDR withdrawal. After the 
detection of estrus, ewes were hand-mated. 
2.3. Data collection
   Pregnant ewes were placed in an individual birth box 
around their estimated parturition date. Placenta were 
collected immediately after delivery and weighed fresh 
on digital scales and the placental weight (PW) and 
cotyledon number (CN) were measured and recorded. 
Placental efficiency (PE) was defined as the ratio of total 
birth weight (g) to placental weight (g). Cotyledon length 
(CL), cotyledon depth (CD) and cotyledon width (CW) were 
measured with an electronic digital caliper by randomly 
selecting ten cotyledons from each placenta. Total volume 
of amniotic  fluid (TVAF) was measured using a graduated 
cylinder. The AF were collected by disposable syringes 
(10 mL) and stored in labeled plastic tubes at -20 °C until 
biochemical and progesterone analysis. In the laboratory, 
these samples were centrifuged at 4 000 r/min for 10 min at 
approximately 22 °C to remove cellular debris, and stored 
at -20 °C for later analyses. The AF samples were analyzed 
for various metabolites (glucose, urea, creatinine, total 
protein, cholesterol, and triglycerides) and ions (calcium, 
phosphorus) by using commercially available kits by 
spectrophotometric method on an auto analyzer (RA-
1000, Technicon) and radioimmunoassay (progesterone) 
analysis. Standard commercial kits were used for analysis 
and the procedures were adopted as recommended by the 
manufacturer of these kits.
2.4. Statistical analysis
    Statistical analyses of the data were done with SAS 
software[13]. The mean依SE for progesterone concentrations 
and various biochemical constituents of AF were 
calculated. To see the magnitude of gestation age variation 
in progesterone concentrations and various biochemical 
constituents of AF, the data were subjected to One-
way analysis of variance (ANOVA). Significance between 
means was tested using Duncan’s multiple range tests. 
To determine the relationship between progesterone and 
various biochemical constituents and placental traits 
Pearson correlation was used for continuous data.
3. Results
   The mean, standard error of mean, and range of the 
progesterone and various biochemical constituents and 
placental traits in the AF, are shown in Tables 1 and 
2. Correlations between the concentrations of various 
biochemical and placental traits are presented in Table 3. 
The results of this study indicated that there were highly 
positive correlations between PE and CD (r=0.764, P<0.01, 
Table 3). A significantly negative correlation was calculated 
for the PW and the TVAF (r=-0.872, P<0.01, Table 3). The 
correlations between various biochemicals and placental 
traits are presented in Table 4. A positive relationship was 
calculated between TVAF with total protein and creatinine 
(r=0.418, P<0.01 and r=0.639, P<0.05, respectively, Table 
4). However, the correlation between the glucose and PW, 
CL and calcium were significantly positive (r=0.704 and 
r=0.712, P<0.01, respectively, Table 4). Other biochemical 
(urea, cholesterol, triglycerides and phosphorus) studied 
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were not significantly correlated with placental traits sheep 
(Table 4).
Table 1
Descriptive statistics of placental traits in Iranian crossbred ewes.
Placental trait Mean依SD Minimum Maximum
Placental weight (g)   439.3依241.7     107.00    1 132.00
Cotyledon number   72.80依19.62  23.00  141.00
Placental efficiency 10.60依3.06    4.90    29.60
Cotyledon length (mm) 23.41依2.03  18.69    31.03
Cotyledon depth (mm)   7.85依0.61    5.47    11.20
Cotyledon width (mm)  16.36依1.05   12.23    21.07
Total volume of amniotic fluid (mL)  857.00依98.23 722.00 1 028.00
Table 2
Descriptive statistics of progesterone and biochemical constituents in AF in 
Iranian crossbred ewes.
Biochemical constituent Mean依SD Minimum Maximum
Glucose (mg/dL)   2.62依0.19   0.23   4.41
Urea (mg/dL)    78.1依17.44 62.36 88.10
Creatinine (mg/dL) 11.69依3.23  9.67 16.77
Total protein (gr/dL)  1.01依0.11  0.84  1.49
Vholesterol (mg/dL)  2.95依0.87  2.15  4.35
Triglycerides (mg/dL)  0.79依0.07  0.45  1.12
Calcium (mg/dL)  3.34依1.08  2.12  5.17
Phosphorus (mg/dL)  3.98依1.12  3.07  4.78
Progesterone (ng/mL)  1.19依0.48  0.72  1.33
   Correlations between the progesterone concentrations 
and placental traits are presented in Table 5. Generally, 
low levels of progesterone were detected in AF of Iranian 
crossbred ewes. The findings of this study demonstrated 
that there were no relationships between progesterone 
concentrations and placental traits (P>0.01), except for PW 
(r=0.665, Table 5).
Table 3
Correlation coefficients of placental traits in Iranian crossbred ewes.
Placental trait PW (g) CN PE CL (mm) CD (mm) CW (mm) TVAF (mL)
PW 0.232 0.125 -0.158 0.089   0.170  -0.872*
CN 0.015   0.315 0.114   0.078 -0.258
PE   0.099   0.764**   0.212   0.025
CL 0.145 -0.231   0.156
CD   0.346   0.256
CW -0.214
PW: Placental weight; CN: Cotyledon number; PE: Placental efficiency; CL: 
Cotyledon length; CD: Cotyledon depth; CW: Cotyledon width; TVAF: Total 
volume of amniotic fluid. *: P<0.05, **: P<0.01.
Table 4
Correlation coefficients between various biochemical’s and placental traits in 
Iranian crossbred ewes.
Biochemicals PW CN PE CL CD CW TVAF
Glucose   0.704** 0.061 -0.150 0.006  0.255 0.055   0.310
Urea -0.071 0.265   0.143 0.153  0.105 0.083 -0.211
Creatinine 0.213 -0.159   0.032 0.058  0.277 -0.140    0.639*
Total protein 0.315 -0.221   0.425 0.035 -0.378 0.112     0.418**
Cholesterol 0.314   0.012 3   0.104  -0.255  0.301 0.221   0.157
Triglycerides 0.209 0.109   0.088  -0.273  0.351 0.120   0.346
Calcium 0.104 0.251 -0.028    0.712**  0.055 -0.310   0.312
Phosphorus 0.123 -0.258   0.036 0.089  0.201 0.307   0.002
PW: Placental weight; CN: Cotyledon number; PE: Placental efficiency; CL: 
Cotyledon length; CD: Cotyledon depth; CW: Cotyledon width; TVAF: Total 
volume of amniotic fluid. *: P<0.05, **: P<0.01.
Table 5
Correlation coefficients of between progesterone concentration in AF and 
placental traits in Iranian crossbred ewes.
PW CN PE CL CD CW TVAF
Progesterone conc. 0.665** 0.305 -0.154 0.223 0.012 0.401 0.109
PW: Placental weight; CN: Cotyledon number; PE: Placental efficiency; CL: 
Cotyledon length; CD: Cotyledon depth; CW: Cotyledon width; TVAF: Total 
volume of amniotic fluid. **: P<0.01.
4. Discussion
   Parturition is the physiological process by which the 
pregnant uterus delivers the fetus/fetuses and placenta from 
the mother. In mammalians, the foetus is surrounded by 
amnion and allantois which establish a perfect water and 
biochemical balance. This study for the first time describes 
the relationship between progesterone and biochemical 
constituents of AF with placental traits in Iranian crossbred 
ewes (Arkhar-Merino×Ghezel) in northwest of Iran. 
   Since the placenta is known to produce progesterone, 
it is pertinent to examine the role of these hormones in 
AF. Progesterone is a hormone which regulates various 
reproductive functions. Progesterone plays a key role in 
regulating the length of estrous cycle and implantation 
of blastocysts[14]. The findings of this study demonstrated 
that there were no relationships between progesterone 
concentrations and placental traits (P>0.01), except for 
PW (r=-0.665). Strong relations between progesterone 
concentration and PW was observed. It seems that increase in 
PW led to prolonged duration of secretion progesterone from 
AF. Our data demonstrated for the first time that progesterone 
concentrations were correlated with PW. In addition, 
since abnormal corpora lutea is associated with either low 
progesterone concentrations, or normal values for a shortened 
period, AF progesterone concentrations may also be used to 
examine luteal function in livestock. Bazer et al. indicate 
that the placenta ovine is contributing significantly to the 
concentrations of the sex steroids in AF and in plasma from 
the ovarian and uterine veins, and general circulation[15]. 
Therefore, it is important to understand the progesterone 
interaction that happens in the AF of the ewe during oestrus 
cycle, pregnancy, parturition and postpartum in breeding and 
non-breeding seasons.
   The results of this study demonstrated that PE also 
correlated positively with CD (r=0.764, P<0.01), which is 
similar to the observations by other investigators[16,17]. 
Uterine capacity is described by the total placental mass 
which a female can carry to term[18]. PE was developed as an 
indicator of uterine capacity[19]. PE has been used commonly 
for livestock species, which produce larger birth type, such 
as pig and sheep[20,21]. Osgerby et al. stated that nutrient 
deprivation during the pregnancy led to a decrease in fetal 
and PW but an increase in PE[22]. Konyali et al. suggested 
that small placentas are more efficient than large placenta 
in Turkish Saanen goats[23], and probably large placenta 
require more nutrients[20,21]. Konyali et al. also suggested that 
placental traits were affected by the birth type rather than 
the sex of the kids[23]. Nowak et al. suggested the existence 
of paternal genetic affected placental traits in domestic 
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animals[24].
   The placenta is a multifaceted organ that plays critical 
roles in maintaining and protecting the developing fetus[25]. 
Interestingly, PW had a highly significant negative correlation 
with TVAF (r=-0.872, P<0.01). Thus, placental growth 
precedes fetal growth because the fetus requires a functional 
placenta for obtaining nutrients and gases for its growth and 
development. However, the majority of placental growth, at 
least in terms of PW, occurs during the first two-thirds of 
pregnancy, and the placenta achieves its maximum weight 
by day 90 in sheep[17]. Thus, the fetus has obtained only 10% 
of its eventual birth weight by the time when the placenta 
has reached its maximum size. The size and nutrient transfer 
capacity of the placenta play a central role in determining 
the prenatal growth trajectory of the fetus and hence directly 
influences birth weight[26].
   A broad knowledge of concentration of constituents in AF is 
of the utmost importance in understanding fetal metabolism 
and identifying pathological conditions during pregnancy[27]. 
The concentration of constituents in allantoic compartments is 
influenced by the exchange through the placenta, metabolic 
products of the fetus, fetal urine formation and fluid flow 
through the urachus or urethra and fetal secretions from lung 
and salivary glands[28].
   Because there is little information on correlation coefficients 
between various electrolytes and placental traits, one can 
only speculate on the significance of these electrolytes on 
growth and viability of ewe’s fetus. However, the correlation 
between the glucose and PW was significantly positive 
(r=0.704, P<0.01). Glucose plays an important role in fetal 
metabolism because it is one the major energy source for the 
embryo, maybe metabolized by the AF through the anaerobic 
pathways, leading to lactate formation. Albuquerque et 
al. showed that, as for AF (human and ovine), changes in 
volume and content of glucose in AF were associated with 
changes in electrolytes and their ratios[29]. Reddy et al. 
performed biochemical studies in ewe AF at different stages of 
pregnancy, obtaining significant differences in mean levels of 
glucose[30]. They concluded that decreased glucose levels at 
the end of pregnancy might have been caused by fetal intake 
of glucose due to the development of the fetal swallowing 
reflex. Serum biochemical parameters varies widely and 
preferably glucose and urea individually or in combination 
are the useful parameters in diagnosis of physiological and 
pathological condition in ewes[31].
   Despite intensive studies on facilitative protein transporters, 
little is known about functional protein in AF livestock. The 
results of this paper have demonstrated repeatedly that a 
positive relationship was calculated between TVAF with total 
protein and creatinine (r=0.418, P<0.01). Protein is due to 
the important role of proteins in regulation of growth and 
differentiation[31]. However, the AF proteins are regarded as 
nutritional status indicators of normal fetal growth[32]. In a 
recent study, Florida native ewes were investigated and it 
was found that placental cotyledons, formed placentomes 
critical for the exchange of micronutrients (e.g., amino 
acids, glucose), as well as gases between the conceptus and 
maternal system[15]. AF proteins were apparently derived 
from both maternal and foetal sources. The maternal 
contribution was principally the globulin fraction, while the 
fetus contributed prealbumin, albumin, fetoprotein and sex 
hormone binding globulin[33]. According to Reddy et al., the 
lower concentration of AF total protein could be attributed 
to the absence of the fibrinogen and other proteins due to 
foetal immunity[30]. The foetus synthesized all its proteins 
from the amino acids derived from the mother, proteins 
were used mainly for synthesis rather than oxidation or 
gluconeogenesis[34]. Therefore, understanding the normal 
values of various biochemicals could be the useful indicator 
in determination of the physiological aspects in nonpregnant 
or pregnant ewes. Ocak et al. reported that AF composition 
in mammals is influenced by the excretion of fetal urine and 
that changes in the concentration of many components during 
late pregnancy may reflect fetal metabolic activity[17].
   A highly positive correlation was showed between TVAF 
and creatinine (r=0.639, P<0.05). Creatinine is an indicator 
of muscle mass as well as renal function[35]. And also 
glomerular filtration in the fetal kidney can be assessed by 
the concentrations of creatinine and urea in AF[36]. Anitha 
and Thangavel reported that in Madras Red breed of ewes, as 
gestation advanced, the level of creatinine AF raised, which 
might indicate increased protein metabolism in the fetus[33].
   Also a highly positive correlation was observed between CL 
and calcium (r=0.712, P<0.01). Calcium plays an important 
role in gonadotrophin regulation of ovarian steroidogenesis 
and ovulation. Also calcium and phosphorus are important in 
the development of the fetal skeleton. Tabatabaei and Mamoei 
have demonstrated that it would be expected that the fetus, 
in conserving them (Ca2+ and P+), would excrete very little into 
the AF[8]. The various ions could help the mitosis of the fetal 
cells through the formation of thrombin, a potent mitogen.
   In conclusion, understanding relationship between 
progesterone and biochemical constituents of AF with 
placenta traits during parturition is an important determinant 
of pregnancy outcome, and ultimately, life-long health and 
productivity of an individual. In conclusion, the significant 
correlation between the AF biochemical and progesterone 
with placental traits for the above-mentioned metabolites 
suggests that metabolic changes in AF levels will reflect the 
condition in AF. The authors of this paper suggested that 
further study on the correlation among AF, placental traits 
and postnatal behavior in farm animals industry is required 
not just on the ewes but also on their lambs. This could have 
a significant effect on how producers manage and maximize 
lamb survivability and profitability. Also, further research 
should focus on the collection of AF by the laparoscopic 
technique from live ewes for the composition of the AF, 
especially the multifarious enzyme concentrations.
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